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TECHNICAL NOTE
A dye-dilution cardiac output technique for hemodialyzed
patients with arteriovenous fistula
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Serial determinations of cardiac output appear important
to a better understanding of the cause and nature of high
blood pressure in patients on maintenance hemodialysis. In
dialyzed patients, the technique used for these measure-
ments should meet the criteria established by Bower and
Coleman [1] which include applicability before, during and
after hemodialysis, sufficient accuracy to measure subtle
changes in cardiac output, simplicity sufficient to avoid
interference with the basic procedure of dialysis, repeatabi-
lity, minimum blood loss and performance without right
atrial catheterization. These authors have demonstrated
that arteriovenous (AV) cannulas can be used to determine
cardiac output by the dye-dilution technique in the dog [2],
as well as in uremic patients [1]. In our hands, this technique
has given reliable results. Since the first description of AV
fistulas by Brescia and Cimino [3] in 1966, this technique
has gained much popularity. In recent years, we have been
using AV fistulas more frequently in our patients. In order
to study cardiac output in this population, we have devised
a simple dye-dilution technique using the A-V fistula.
Methods
The study was carried out in 16 ambulatory outpatients
on maintenance hemodialysis, all of whom were in good
clinical condition. All patients had a side to side A-Vfistula;
two patients had both an A-V fistula and a Scribner shunt.
The cardiac output was measured using a dye-dilution
technique. Two sets of measurements were successively done
in each patient during the same study; a conventional
technique with right atrial catheterization and brachial
artery puncture in the arm without the fistula and the new
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technique using the A-V fistula for the injection of the dye
and the withdrawal of arterial blood. Each set consisted
of one or more determinations of the cardiac output
using Cardio-Green dye. Thereafter, the calibration was
made.
For the determination of cardiac output, two needles
were inserted in the arterialized vein of the A-V fistula as
used for hemodialysis. One needle was implanted distally
near the fistula itself and another one more proximally. As
shown in Fig. 1, the proximal needle was connected to the
following assembly which was used for the dye injection:
a) a spring-loaded calibrated syringe (1 ml BD Cornwall
2190) set to hold exactly one ml of dye; b) a dye bottle
connected to the syringe with a three-way stopcock allow-
ing rapid refilling of the syringe after injection; c) a 10 ml
plastic syringe connected to the assembly by another three-
way stopcock; d) tubing, the volume of which was slighily
over one ml, connecting a second stopcock to the needle.
The distal needle was connected to a withdrawal pump
(Harvard Apparatus) with polyethylene tubing (Intramedic ®
PE 200) for withdrawing blood through a Gilford ® densito-
meter. Recordings of cardiac output were made on a Gil-
ford-Sefram recorder. All the equipment used was sterile.
The Gilford cuvette was carefully cleaned after each use
and sterilized with ethylene oxide gas. The method con-
sisted of injecting Cardio-Green dye into the proximal
needle; to avoid re-aspiration of the dye by the spring-
loaded syringe, the dye was first injected into the connecting
tube, then flushed into the blood stream with the saline-
filled syringe. Simultaneously, the blood was withdrawn
through the densitometer, then reinjected when the record-
ing of the cardiac output was accomplished. Thereafter,
calibration was performed by injecting 100 jil of dye into
50 ml of the patient's blood. After thorough mixing, the
blood containing this amount of dye was drawn through the
densitometer, then reinfused into the patient.
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Discussion
Measurement of cardiac output through the standard
needles used for hemodialysis with an A-V fistula is made
possible by our technique. This method fulfills the criteria
established by Bower and Coleman [1]. It is simple, accurate
and easy to repeat without blood loss. Technically, it is
important to insert the proximal needle as far as possible
from the distal one. This prevents the risk of directly
aspirating Cardio-Green dye with the blood withdrawn
through the densitometer during the dye injection. As the
calibration is a frequent and important cause of error, the
a Cardiac index measured through a Scribner shunt.
mixing of blood and dye must be as perfect as possible
(confirmed by checking the flatness of the calibration curve).
The determination of cardiac output using this method
appears to be very accurate when compared to the con-
ventional technique. However, the ability and accuracy of
the method greatly depends on the arterial blood flow
through the fistula. Coleman and Bower [2] have shown the
importance of obtaining an adequate shunt flow for the
accuracy of cardiac output determinations through arterio-
Table 1. Comparison of cardiac index values obtained by con-
ventional and A-V fistula techniques
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Patient Cardiac Index
Conventional A-V
technique fistula
GOU 5.734 5.630
5.062
SE 4.29 1 4.077
4.194
MOU 2.772 2.856
2.920
CAM 2.965 3.144
3.164 2.947
3.145
BAY 5.066 5.210
5.195 5.075
5.259
ROQ 3.609 3.677
3.637
3.657
RAN 3.857 3.858
3.781
BEN 5.090 4.750
5.020 4.320
4.530
Fig. 1. Schematic representation of assembly used for cardiac 4.690
output determination through A Vfistula.
1 =A-V fistula, 2 = arterialized vein, 3 =proximal needle,
4= spring-loaded calibrated syringe, 5 =stopcocks, 6 =dye,
7=flush saline syringe, 8=plastic tubing, 9=distal needle,
10= PE 200 tubing, 11 = densitometer and 12= withdrawal in-
RODR
D'AN
4.788
4.439
3 411'
4.437
4.634
3 050
221.
fusion pump. LAB 4,002
3.849 3.652
4.051 4.127
Results MAR 4.170
Table 1 shows the values of cardiac output determinations
in 16 patients. The results obtained with the conventional
technique (right atrial injection and brachial artery sam- ESC
4.020
5720
6:390
4.340
6.180
pling) are compared with the results obtained with the fistula ROU 4.005 a
technique. With the first method, the mean cardiac index 4.150 3.720
(liter/min/m2) was 4.392±sD 0.272; it was 4.260±sD 0.253 4.100
with the A-V fistula technique. The relationship between RUIZ 3.720a 3.730
these two methods was subjected to regression analysis and 3.750 3.670
the results, showing a significant linear correlation, are ESC 6.690
seen in Fig. 2(r=0.96l; P<0.001). 6.143
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Fig. 2. Relationships between cardiac index values obtained by
conventional and A Vfistula techniques. The regression line (solid)
is represented by the equation y= 1.051 x— 0.083. The standard
error is 0.25. The dotted lines indicate the 95% prediction inter-
venous cannulae in the dog. Comparing right atrial in-
jection cardiac outputs to those determined through an A-V
shunt, they found that the mean difference between the two
techniques was 0.4±8.6% at shunt flows of 100 to 200
mi/mm, but was 3.5±13.4% at shunt flows of 25 to
50 mI/mm. In our study, the flow rate through the fistula
could not be measured. However, the A-V fistula flow rate is
usually estimated by comparing cardiac output (measured
by conventional technique) before and during temporary
occlusion of the fistula. In our patients, we found a 12%
decrease in cardiac output during fistula occlusion by
manual compression, which compares well with values
obtained by Menno et al [4] and Suc et al [5]. This suggests
a blood flow rate of about 500 ml/min through the fistula,
providing an adequate flow rate for the measurement of
cardiac output with the technique herein described.
The main drawback of this method is the inability to
record the blood pressure directly. Because of the many
superficial venous branches in most of the A-V fistulas, the
pressure in the arterialized vein is lower than in the artery,
even if the peripheral needle is very close to the fistula
orifice. Therefore, it is necessary to insert an arterial catheter
in the opposite arm if blood pressure recording is needed.
It is also important to know that in most patients with
A-V fistula the central venous pressure (CVP) recorded from
right atrial catheterization is higher than in normal subjects.
It could be useful to measure the CVP for the accurate cal-
culation of total peripheral resistances (TPR). However,
the incidence of the variations of the CVP on the overall
calculation of TPR is low enough to be considered negli-
gible.
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